A rapid screening procedure was developed for detection of Escherichiu coli mutants with altered adhesion abilities using polystyrene 96-well microtiter plates as attachment surfaces. During this assay, bacterial strains grew and adhered simultaneously, and attached cells were measured after crystal violet staining. Starting with a total of 7000 W3110::TnlO insertion mutants of E. coli K-12 W3110, 50 adhesion-deficient mutants were isolated which showed less than 40% attachment, and 22 mutants were found with an attachment of 40-75%. Motility assays were performed on these 72 mutants, and 34 displayed altered motility.
Introduction
The natural tendency of bacteria to adhere to surfaces and therefore to initiate biofilm formation in most oligotrophic environments can lead to a variety of economic and health problems.
Bacterial adhesion to both natural and artificial surfaces has been examined in many different fields, including material deterioration studies, human and animal diseases, and environmental microbiology [ 11. Adhesion to inanimate surfaces is a complex process in which bacteria utilize several mechanisms to adhere to different surfaces under a plethora of environmental conditions. Apart from some bacterial * Corresponding author. Fax: +33 87 75 81 89.
structures for specific attachment, such as fimbriae, adhesins or holdfasts, less is known about other features that play a role in bacterial adhesion to surfaces [2] . In order to obtain a better understanding of the processes required for the primary step(s) of attachment and biofilm formation, genetic approaches may provide further insights. This type of study requires the production of a large number of mutants plus extensive screening for those with altered adhesion properties.
In this study, random insertion mutagenesis was performed with a mini-Tnl0 in Escherichiu coli K-12 W3 110. A rapid screening adhesion assay, based on staining of adherent cells to a polystyrene surface, was developed and used to identify non-adhesive mutants. In addition, a preliminary classification of those mutants with altered adhesion abilities was performed through analysis of their motility.
Materials and methods
2.1. Bacterial strains, bacteriophage, and culture conditions E. coli K-12 W3110 [3] was used as the parental strain for adhesion experiments and mutagenesis. E. coli AD87, a previously isolated mini-TnlO insertion mutant of W3110 with altered adhesion properties, was used to optimize the screening method.
A random mutagenesis was performed with mini-TnlO (Km') derivative 103, located in a Pa,80 h hop phage vehicle (hNK1316). All details of the basic procedure were described by Kleckner et al. [4] . Mini-TnlO insertion mutants of W3110 were selected on M9 minimal medium supplemented with glucose and kanamycin [5], for selection of prototrophic mutants. The medium used for bacterial growth and the adhesion screening assay was LB medium [5] supplemented with kanamycin (30 pg/ml).
Motility tests were performed on semi-solid medium, as described by Macnab [6] . Results were confirmed by direct microscopic examination. crystal violet (0.1%) for 1 min. The stain was removed by exhaustive washing with distilled water. The plates were then allowed to dry. In order to quantify adhered cells, 220 yl of decolouring solution (ethanol/acetone, 80 : 20%) was added to each well for 15 min. The absorption of the eluted stain was measured at 590 nm.
AdheSion assay 3. Results and discussion
Selection of mutants with altered adhesion abilities was performed by a rapid screening method in 96well microtiter plates. The procedure of staining adhered cells, as described by Cowan et al. [7] , was modified by suspending cells in LB medium prior to adherence.
Briefly, single colonies of each transposon mutant were inoculated and allowed to grow for 10 h in 5 ml of LB plus kanamycin broth at 37°C without shaking. Duplicate 20 pl samples of each culture in exponential phase (Ass0 of =0.6), plus 200 pl of LB Km broth, were placed in wells of a polystyrene microtiter plate.
Mutants were allowed to grow and adhere for 2 h at 37°C. At the end of that period, absorption (A& of the culture was measured on a Dynatech MRX microplate reader. Unbound cells were removed by inversion of the microtiter plate, followed by vigorous tapping on absorbent paper. Subsequently, adhered cells were fixed for 30 min at 80°C. Adhered cells were stained by addition of 220 ~1 of Fig. 1 shows the adhesion ability, versus time of inoculation into polystyrene microtiter plates, of E. coli W3110 and AD87. AD87 is a mini-TnlO insertion mutant of W3110 with reduced numbers of adhered cells when compared with the parent strain in our assay. Parent strain adhesion increased linearly versus time for up to 7 h. The decrease, and ultimate plateau found in the number of adherent cells after that period, may be due to a combination of cell number, cell age, culture age, and available surface [8] . As shown in Fig. 1, 2 h of contact with the surface were sufficient to detect differences in adhesion properties between wild-type and AD87 strains. This period of time was chosen to screen 7000 mini-TnlO insertion mutants. A typical set of results is shown in Fig. 2 .
Fifty mini-TnlO insertion mutants of W3110 among a total of 7000 were found to adhere to less than 40% of wild-type level, while 22 mutants showed an adhesion level of 40-75%, when compared to the parent strain. Motility tests were performed to classify those less adhesive mutants. Of the 72 mutant clones assayed, a total of 38 clones displayed normal motility. Moreover, 33 of these clones adhered less than 40%, while five showed an adherence level of between 40% and 75%. The other 34 mutants showed altered motility equally divided between those which adhered less than 40% and those which showed an adherence level of between 40% and 75%. The large number of adhesion mutants with altered motility is in agreement with previous studies concerning the involvement of motility in adhesion. The adhesive ability of Vibrio jkheri suggests that the presence of flagella alone is not sufficient to colonize juvenile Euprymna scolopes, but functional motility is required [9] . In addition Korber et al. [lo] showed that motility conveyed a selective advantage during colonization of glass surfaces by Pseudomonas JEuorescens strains. Furthermore, Tn5 insertion mutants of P. ftuorescens defective in the initial stages of attachment to soil and seeds have been shown to be deficient in motility
In contrast, one-half of the mutants obtained in this study were not deficient in motility. Our results indicate that other functions not involved in motility (such as fimbriae, exopolymers, hydrophobicity, etc.) may also play a role in adhesion.
The screening method used was based on adhesion of growing cells to polystyrene microtiter plates. Care must be taken to distinguish between growthimpaired mutants and adhesion mutants. It is thus important to measure the cell density in wells after the contact time, as described in Section 2, and to screen the putative adhesion mutant strains at different times of adhesion, as reported in Fig. 1 .
In conclusion, a rapid screening method to detect bacteria with altered adhesion abilities has been developed. The microassay reported here has the advantage of requiring small quantities of bacteria, culture media and reagents and to be reproducible and rapid.
As reported here a set of E. coli K-12 mini-TnZ0 insertion mutants with altered adhesion abilities has been obtained. Further investigation is ongoing to characterize genes involved.
